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Unlike anomalous quantum Hall insulators, clean single-band chiral superconductors do not exhibit intrinsic
Hall effect at the one-loop approximation. Finite ac Hall conductance was found to emerge beyond one-loop,
such as with vertex corrections associated with extrinsic random impurity scatterings. In this paper, we investi-
gate the effect of impurities embedded in chiral superconductors in a superlattice pattern, instead of in random
distributions. The impurity-induced Bogoliubov quasiparticle bound states hybridize to form subgap bands,
constituting an emergent low-energy effective theory whose anomalous Hall effect can be studied with ease.
We demonstrate that the occurrence of the Hall effect depends on the superlattice geometry and the parity of
the chiral pairing. Fundamentally, due to the composite particle-hole character of the subgap states, the Hall
conductance arises at the one-loop level of the current-current correlator in our effective model. Generalized to
random impurities, our theory provides a deeper insight into the physics of impurity-induced anomalous Hall
conductivity and Kerr rotation in chiral superconductors.
Introduction. Topological chiral superconductors are clas-
sified by a topological invariant – the Chern number, and they
exhibit protected chiral edge modes. Odd-parity chiral super-
conductors (e.g. chiral p-, f-wave, etc) may further support
half-quantum vortices that host Majorana zero modes [1, 2].
These excitations obey non-Abelian braiding statistics and
could therefore be utilized for topological quantum compu-
tation [3–5].
The time-reversal symmetry breaking of the chiral pairings
can be detected in polar Kerr effect measurements, where a
linearly polarized light normally incident on the supercon-
ductor is reflected with a rotated polarization. Signatures
of Kerr rotation have been reported in several unconven-
tional superconductors, including Sr2RuO4 [6], UPt3 [7] and
URu2Si2 [8]. Such an effect is closely related to the anoma-
lous Hall effect. However, unlike in an anomalous Hall insu-
lator, the effect is not expected in a clean and uniform single-
band chiral superconductor [2, 9]. This could be understood
in the following simple terms. The pairing potential ∆k,
whose k-dependence describes the relative motion between
the paired electrons, does not generate center-of-mass motion
for the Cooper pair. Thus the current operator of a super-
conductor contains no contribution originating from ∆k [10].
Consequently, the Hall conductance is not directly related to
the Berry curvature of the Bogoliubov quasiparticles and it in
fact vanishes at the one-loop approximation.
Nonetheless, vertex corrections, such as those arising from
extrinsic impurity scatterings [9, 11–15] and certain intrin-
sic superconducting collective modes [16–18], have both
been shown to induce finite Hall conductance. Separate in-
trinsic mechanisms exist for multiband superconductors, but
those involve either interband chiral pairing [19–22], or odd-
frequency pairing [23]. Thus far, whether these effects could
quantitatively explain the observed Kerr rotation is still de-
bated [24, 25].
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Figure 1. (a) square and (b) honeycomb impurity superlattices em-
bedded in a chiral superconductor.
In previous studies, the leading order impurity effects are
captured by the so-called skew-scattering diagrams [9, 12–
14]. However, some important microscopic details of the
impurity-induced physics are absent in this diagramatic treat-
ment. In particular, individual impurities are known to induce
subgap quasiparticle bound states [26]. How such low-energy
states influence the electromagnetic response of the system re-
mains largely unexplored and is the focus of the present study.
To facilitate our discussions, we imagine depositing impu-
rities on the underlying chiral superconductors in a superlat-
tice pattern. Due to the chiral nature of the pairing, the bound
states from different impurity sites hybridize in a ubiquitous
fashion that depends on their relative position. We construct a
low-energy effective theory of the emergent subgap bands on
the superlattice and study the resultant anomalous Hall effect.
Despite having similar appearance, the new effective Hamil-
tonian differs from the original BdG Hamiltonian in a funda-
mental way, that the components of the new spinor-basis are
no longer purely electron or hole, but rather a linear superpo-
sition of both. This leads to profound consequences on the
current operators, which allow for a transparent interpretation
of finite Hall conductance at the one-loop level.
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2We consider several representative impurity superlattice
geometries, and show that the resultant physics is model-
dependent. For example, while the Hall conductance is gener-
ically nonvanishing on a honeycomb superlattice in any un-
derlying chiral pairing, it vanishes for square and triangular
superlattices embedded in even-parity chiral superconductors,
such as chiral d- and g-wave. When generalized to randomly
distributed impurities, our theory provides a physically intu-
itive understanding for the appearance of the anomalous Hall
effect in all chiral superconductors.
Impurity states and impurity superlattice. In the
Nambu spinor basis ϕˆ(r) = (cr↑, c
†
r↓)
T, the underlying
chiral superconducting state is described by the contin-
uum Bogoliubov-de Gennes (BdG) Hamiltonian H(bulk)BdG =∫
drdr′ϕˆ†(r)Hˆ(bulk)BdG (r, r
′)ϕˆ(r′) + H.c., in which
Hˆ
(bulk)
BdG (r, r
′) =
(
δr,r′(− ∇
2
r′
2me
− µ) ∆(r, r′)
∆∗(r, r′) δr,r′(
∇2
r′
2me
+ µ)
)
(1)
where cr (c†r) stands for the electron annihilation (creation)
operators, me and µ are the electron mass and the chemi-
cal potential, respectively. The off-diagonal term ∆(r, r′) =
g(|r − r′|)eilθr−r′ is the chiral pairing potential, where θr is
the azimuthal angle of r, and g(|r − r′|), assumed to be a
certain (unimportant) decaying function of |r− r′|, describes
the spatial profile of the Cooper pair wavefunction. Here l de-
notes the order of the chiral pairing, i.e., the Cooper pair angu-
lar momentum, which takes the values 1, 2, · · · for px + ipy ,
dx2−y2 + idxy pairings, etc. Notice that we have assumed
a uniform order parameter independent of the Cooper pair
center-of-mass position, (r + r′)/2. Consideration of spatial
variations around impurities does not qualitatively alter our
conclusion.
Impurities in chiral superconductors are known to induce
bound states. Consider first a single-impurity at R = 0, de-
scribed by a delta-function-like potential Uδ(r−R)τ3 where
U is the impurity strength and τ3 is the third component of
the Pauli matrices operating in the Nambu space. The bound
state wavefunctions take the forms ψ+(r) = (u(r), υ(r))T =
(ur, e
−ilθrυr)T and ψ−(r) = (−υ∗(r), u∗(r))T [27]. Here
the ‘+’ and ‘−’ designate, respectively, the state with sub-
gap energy +E0 and the other with −E0, where E0 < ∆0
and ∆0 denotes the superconducting gap. These two states
are related by particle-hole symmetry, but the detailed forms
of ur and vr are model-dependent and are not constrained by
any other symmetry, except that they shall in general decay as
e−r/ξ/
√
kFr sufficiently far away from the impurity center.
Here kF is the Fermi momentum and ξ the superconducting
healing length. In the following, we shall assume a sizable
impurity strength such that E0  ∆0 [29], under which cir-
cumstance the low-energy theory associated with these bound
states are well separated from the continuum spectrum.
On an impurity lattice where the interlattice spacing R0
is larger than ξ, the above-stated bound state wavefunc-
tions on each single site still constitute a good approxima-
tion. States from neighboring impurity sites ‘hybridize’ via
the microscopic kinetic hopping and pairing in the orig-
inal Hamiltonian Eq. (1). Written in the second quan-
tized form where c†i,± (ci,±) denote the creation (annihila-
tion) of the respective bound states on each site, an emer-
gent low-energy tight-binding model on the superlattice reads
Heff =
∑
i,j Ψˆ
†
i
[
E0δijσ3 + hˆij(1− δij)
]
Ψˆj + H.c., with
the Pauli σ-matrices operating in the space spanned by Ψˆi =
(ci,+, ci,−)T, and
hˆij =
(
t++ij t
+−
ij
t−+ij t
−−
ij
)
, (2)
in which
tµνij =
∫
drdr′ψ†µ(r−Ri)HˆBdG(r, r′)ψν(r′ −Rj). (3)
It is obvious that the hopping of the bound states could arise
from both the kinetic and pairing terms in the underlying mi-
croscopic Hamiltonian. A detailed analysis of the hopping
integrals can be found in the Supplementary [27], which we
summarize below and in Fig. 2 (a) and (b). The hybridization
between the ‘+’ (‘−’) states satisfy t++ij = −t−−ij = λij ,
where λij is a real constant determined by the separation
|Rj − Ri|. On the other hand, the integral between ‘+’
and ‘−’ states has the relation t+−ij = (t−+ij )∗ = ηij , where
ηij = |ηij |eilθRj−Ri [28]. It thus depends on both the rela-
tive position between the two sites and the order of the chiral
pairing.
Our later analyses of the current operators require distin-
guishing in Eq. (3) contributions originating from the pairing,
the electron and hole kinetic hopping processes, i.e. λij =
λ∆ij + λ
e
ij + λ
h
ij and ηij = η
∆
ij + η
e
ij + η
h
ij . The kinetic part of
ηij , ηeij + η
h
ij , deserves special attention. Written explicitly,
ηeij + η
h
ij =
∫
drdr′
[
−u|r−Ri|δr,r′
(−∇2r′/2me − µ) eilθr′−Rj υ|r′−Rj| + eilθr−Riυ|r−Ri|δr′,r (∇2r′/2me + µ)u|r′−Rj|]
=
(
1 + eilpi
) ∫
dr˜dr˜′ur˜δr˜,˜r′−(Ri−Rj)
(∇2r˜′/2me + µ) eilθr˜′υr˜′ , (4)
where we have performed partial integration and substitution of variables to obtain the second line, and the two terms in
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Figure 2. (a) (b) Tight-binding construction of a square impurity
superlattice immersed in a chiral p-wave superconductor. Note the
relation λ = λ∆+λe+λh and η = η∆+ηe+ηh. (c) (d) The current
operator on the superlattice. The ‘+’ and ‘−’ symbols on the sites
label the impurity bound states, and arrows indicate the reference
direction of hopping or current flow.
1 + eilpi are associated with ηeij and η
h
ij , respectively. The re-
lation |ηeij | = |ηhij | is a consequence of the particle-hole sym-
metry between the ‘+’ and ‘−’ states. For l odd, ηeij = −ηhij ,
hence the kinetic contribution vanishes if the underlying chiral
pairing has odd-parity; for l even, by contrast, ηeij = η
h
ij . We
shall later see that the corresponding current operators have
the opposite even and odd l-dependence. Finally, it is easy to
check that the relation ηij = |ηij |eilθRj−Ri also holds for the
individual constituents of ηij .
As a concrete example, in a chiral p-wave superconductor, a
square impurity superlattice with up to nearest-neighbor hop-
ping has the following effective Hamiltonian,
Hˆeffk = E3kσ3 + E1kσ1 − E2kσ2 (5)
where we have set R0 = 1 for brevity, E3k = 2λ(cos kx +
cos ky) + E0, E1k = 2η sin kx and E2k = 2η sin ky . Here,
λ denotes the nearest-neighbor hopping integrals of λij , and
η the corresponding counterpart of |ηij |. Notice the implicit
decomposition such as η = η∆ + ηe + ηh (although ηe +
ηh = 0 for chiral p-wave). Due to the angle dependence of
the complex off-diagonal hopping ηij , Eq. (5) resembles the
form of the underlying chiral p-wave Hamiltonian. The band
topology could be engineered by controlling parameters such
as the impurity potential and the superlattice constant [29, 30].
These hold for higher order chiral superconductors, although
further neighbor hybridizations must be considered to make
the band topology transparent. In like manner, impurity chains
immersed in odd-parity chiral states support an emergent 1D
p-wave model and may give rise to isolated Majorana zero
modes at the ends of the chains.
Current operators. The composite particle-hole nature of
each of the spinor component in Ψˆ (i.e. each impurity bound
state) has a profound consequence on the particle current op-
erators. Foremost, the portion of the hopping integrals origi-
nating from the underlying Cooper pairing, i.e. λ∆ and η∆,
shall have no contribution, as in the case of clean supercon-
ductors. The only contribution stems from the mutually ‘can-
celing’ electron hopping (λe and ηe) and hole hopping (λh
and ηh). Understandably, if the ‘+’ state is purely electron-
like and the ‘−’ state purely hole-like, ηe = ηh = 0, and the
resultant current operators resemble those of a clean super-
conductor.
For the model given in (5), the current operators J++ij and
J+−ij defined on the superlattice bonds are sketched in Fig. 2
(c) and (d). The properties of the tµνij ’s imply the following
general relation: J++ij = −(J−−ij )∗ and J+−ij = (J−+ij )∗. Spe-
cific to the model in (5), the x-component of the current oper-
ator reads,
Jˆ effxk = J3xkσ3 + J1xkσ1 + J2xkσ2 , (6)
whereJ3xk = −2(λe−λh) sin kx, J1xk = 2(ηe−ηh) cos kx,
and J2xk = 0. Note that J2x could be nonzero if further
neighbor hoppings are considered. The y-component follows
similarly and can be found in the Supplementary [27]. The
cancellation between the electron and hole contributions is ev-
ident in these expressions. Notably, although ηe + ηh = 0 for
odd-parity pairing, the corresponding kinetic contribution to
the particle current is finite and scales as ηe − ηh = 2ηe,
such as in J1xk. In the case of underlying even-parity pairing,
however, since ηe = ηh, J+−ij ∝ ηe − ηh = 0 – suggesting a
perfect cancellation between the electron and hole transport.
Hence J1x(y) and J2x(y) must both vanish in this case.
Anomalous Hall conductivity. We are now in position to
study the anomalous Hall conductance of our low-energy the-
ory. Within linear response theory, it is given by the antisym-
metric part of the Jˆx− Jˆy correlation function pixy(q, ω) [32],
σH(ω) =
i
2ω
lim
q→0
[pixy(q, ω)− piyx(q, ω)] , (7)
where, at the one-loop approximation,
pixy(q = 0, iνm) =T
∑
k,iωn
Tr
[
Jˆ effxkGˆ(k, iωn + iνm)
×Jˆ effykGˆ(k, iωn)
]
,
(8)
where T is the temperature, ωn = (2n + 1)piT and νm =
2mpiT are, respectively, the fermionic and bosonic Matsubara
frequencies, and Gˆ(k, iωn) = (iωn − Hˆeffk )−1 stands for the
impurity-band Green’s function. For the square lattice model
introduced above, we arrive at the following,
σH(ω + iδ) =
∑
k
fk
Ek [(ω + iδ)2 − 4E2k]
, (9)
where Ek =
√E21k + E22k + E23k is the dispersion of the im-
purity subgap band, and
4fk =
∑
m,n,s
mns
2
[JmxkJnyk − JmykJnxk] Esk , (10)
where mns denotes the Levi-Civita tensor with indices
m,n, s = 1, 2, 3. Obviously, σH vanishes for any underly-
ing even-parity chiral pairing, as their current operators con-
tain only J3x(y), even when further neighbor hoppings are in-
cluded. In contrast, odd-parity pairings shall in general see
a finite Hall conductance. This distinction applies to any su-
perlattice configuration with no sublattice degree of freedom,
including triangular lattices (see Table I and Ref. [27]).
There are several features worth remarking. Firstly, the
magnitude of σH is determined by the above-defined hop-
ping integrals which describe the hybridization between the
impurity-bound states. Secondly, the minimal frequency at
which the imaginary part of σH becomes nonzero is set by the
gap between the impurity bands. By contrast, as the skew-
scattering diagramatic analysis captures only the continuum
state contributions, the minimal frequency identified there is
the superconducting gap 2∆0 [9, 12]. Finally, unlike the pro-
posals which require particle-hole asymmetric normal state
electron dispersion to obtain finite σH [9, 19], our low-energy
theory has no such restriction.
Honeycomb superlattice. The composite particle-hole na-
ture of the impurity subgap bands implies that there exists
no fundamental symmetry constraints for the appearance of
anomalous Hall effect, i.e. the vanishing of σH in some of the
models above must be accidental. Given that those models are
characterized by single-sigma-matrix current operators, look-
ing for systems that exhibit more structured current operators
may be a promising route to obtain finite σH. One possibility
is to introduce sublattice degrees of freedom. We turn below
to a honeycomb lattice model for illustration [Fig. 1 (b)].
Consider up to nearest-neighbor terms, in the basis Ψi =
(ci,+, c
′
i,+, ci,−, c
′
i,−)
T where c and c′ represent the two
sublattices, the emergent tight-binding Hamiltonian has the
form [27],
Hˆeffk =

E0 λk 0 ηk
λ∗k E0 (−1)lη−k 0
0 (−1)lη∗−k −E0 −λk
η∗k 0 −λ∗k −E0
 (11)
where λk =
∑
δ e
ik·R¯δλ and ηk =
∑
δ e
ik·R¯δeilθR¯δ η, and
R¯δ (δ = 1, 2, 3) designate the three shortest vectors connect-
ing sublattice c to c′. Interestingly, at E0 = 0, the model
resembles a low-energy theory proposed for the Moire´ super-
lattice in twisted bilayer graphene [33].
As we have seen, in the case of even-parity pairing, the hop-
ping between the ‘+’ and ‘−’ states on different sites does
not generate particle current. However, the inter-sublattice
hopping between the ‘+’ (or ‘−’) states introduces two off-
diagonal components in the current operators. For example,
in the present model,
Jˆ effxk = J1xk%1 ⊗ σ3 + J2xk%2 ⊗ σ3, (12)
in which %i (i = 1, 2, 3) are the Pauli matrices
operating in the sublattice manifold, and J1xk =
−3(λe − λh) sin(3kx2 ) cos(
√
3ky
2 ) and J2xk = 3(λe −
λh) cos( 3kx2 ) cos(
√
3ky
2 ). A lengthy calculation for σH(w)
presented in the Supplementary [27] leads to an integral form
involving [J1xkJ2yk − J2xkJ1yk](|ηk|2 − |η−k|2)E0 in the
numerator of the integrand. The integral is generically fi-
nite, in contrast to the square and triangular superlattice sce-
narios. For odd-parity pairings, an additional contribution to
the current operators arises from the inter-sublattice hopping
between the ‘+’ and ‘−’ states, and the Hall conductance is
again finite.
Table I. Anomalous Hall effect in representative continuum chiral
superconductors generated by impurity subgap bands emerging from
various embedding impurity configurations. In comparison, the last
row presents the prediction of the diagramatic skew-scattering ap-
proach, which accounts for the contribution of the continuum states
[9, 12].
superlattice structure p-wave d-wave f-wave g-wave
(l = 1) (l = 2) (l = 3) (l = 4)
Square X × X ×
Triangular X × X ×
Honeycomb X X X X
Random X X X X
Random (skew scattering) X × × ×
Concluding remarks. The foregoing analyses, especially
the fact that honeycomb impurity lattice exhibits finite σH
for all chiral states, implicate that the anomalous Hall effect
must also be generically expected for the scenarios of ran-
dom impurities. In striking contrast, analyses based on skew-
scattering diagram calculations predicted that, in the contin-
uum limit, the effect is only present in chiral p-wave [12]. We
summarize our main results in Table I.
Besides ignoring the contribution from the quasiparticle
continuum, we also stopped short of discussing the magnitude
of Hall conductance in our effective theory and have evaded
the question whether our results could connect to more ex-
perimentally relevant scenarios. For example, normally im-
purity concentration and impurity strength must reach certain
level to produce a Hall conductance that matches the mea-
sured Kerr rotation. Yet excessive strong impurities would
have, on the other hand, significantly suppressed the super-
conductivity. Nevertheless, since the hopping/hybridization
between bound states on neighboring impurity sites grows ex-
ponentially as a function of the impurity spacing, there could
well be a range of impurity concentration, which leaves the
superconducting pairing more or less intact, but is sufficient
to sustain a sizable Hall conductance.
Against the backdrop of the above deficiencies, the intu-
itive and transparent argument we present, that the compos-
ite particle-hole character of the impurity bands lies at the
heart of the appearance of finite Hall conductance in our ef-
fective model, and that the conductance emerges at the one-
loop level, provides a novel perspective towards the impurity-
5induced anomalous Hall effect in chiral superconductors.
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I. IMPURITY-INDUCED BOUND STATES IN CHIRAL SUPERCONDUCTORS
The BdG Hamiltonian for a two-dimensional chiral superconductor with impurities can be written as
HBdG = H
(bulk)
BdG +H
(imp), (S1)
which is expressed in the Nambu space spanned by the spinor φk = (ck, c
†
−k)
ᵀ, where ck (c
†
k) is the electron annihilation
(creation) operator. In the continuum limit, the bulk Hamiltonian in the momentum space, H(bulk)k , can be expanded in terms of
the Pauli matrices τi (i = 1, 2, 3) as
H
(bulk)
BdG =
∫
dk
(2pi)
2H
(bulk)
k =
∫
dk
(2pi)
2 [kτ3 + Re (∆k) τ1 − Im (∆k) τ2] . (S2)
k = k
2/2m − εF is the dispersion of electrons relative to the Fermi energy εF. ∆k = ∆eilθk is the gap function of the chiral
pairing, where θk is the azimuthal angle of k, and l and ∆ represent, respectively, the Cooper pair angular quantum number and
the k independent gap magnitude.
We first solve a single-impurity problem, with a delta-function potential with strength U located at the origin,
H(imp) (r) = Uτ3δ (r) . (S3)
The equation to be solved is HBdGψ (r) = Eψ (r), where E is the eigenvalue. Performing a Fourier transformation ψ (r) =∫
dk
(2pi)2
eik·rψk , one obtains [
E −H(bulk)k
]
ψk = Uτ3ψ (0) . (S4)
Transformed back into the real space, the wavefunction becomes
ψ (r) = UG (E, r) τ3ψ (0) , (S5)
where G (E, r) is the bulk Green’s function,
G (E, r) =
∫
dk
(2pi)
2 e
ik·r
[
E −H(bulk)k
]−1
=
∫
dk
(2pi)
2 e
ik·rEτ0 + kτ3 + Re (∆k) τ1 − Im (∆k) τ2
E2 − 2k − |∆k|2
= X0τ0 +X1τ3 + iX
+
2 τ+ + iX
−
2 τ−, (S6)
in which τ± = (τ1 ± iτ2) /2, and X0, X1, X±2 are given by [1, 2],
X0 (E, r) = −
∫
dk
(2pi)
2
Eeik·r
2k + |∆k|2 − E2
≈ − 2NFE√
∆2 − E2 Im {K0 [(κ− i) kFr]} , (S7)
X1 (E, r) = −
∫
dk
(2pi)
2
ke
ik·r
2k + |∆k|2 − E2
≈ −2NF Re {K0 [(κ− i) kFr]} , (S8)
X±2 (E, r) = ±
∫
dk
(2pi)
2
i∆e±ilθkeik·r
2k + |∆k|2 − E2
≈ ±e±i(l+1)pi/2 2NF∆√
∆2 − E2 e
±ilθr Im {Kl [(κ− i) kFr]} . (S9)
In these expressions, NF is the density of states at F, κ ≡
√
∆2 − E2/(kFυF), and the function Kn (x) represents the modified
Bessel functions of the second kind of order n. Far from the impurity, X0, X1, X±2 all decay as e
−r/ξ/
√
kFr, in which
ξ = υF/
√
∆2 − E2 is the effective coherence length. The above equations are valid for |E| < ∆ and κkFr = r/ξ & 1. Note
7that the Bessel functions involved diverge at r = 0. Right at r = 0, the k integral can be performed without resorting to Bessel
functions, leading to
X0(E, 0) = − piNFE√
∆2 − E2 , X1(E, 0) = 0, X
±
2 (E, 0) = 0. (S10)
An ultraviolet energy cut off is needed to regulate the divergence in the k integrals, in order to obtain the correct behavior of the
Green’s function at 0 < r/ξ . 1. However, we will ignore this short-distance behavior since it is not important for our following
discussions.
At r = 0, i.e., right at the impurity site, the eigenvalue equation becomes
[1− UG (E, 0) τ3]ψ (0) = 0. (S11)
Using Eqs. (S10) and (S6) we obtain the impurity induced subgap state energies as E = ±E0 with E0 = ∆/
√
1 + β2, where
β = piNFU . The two energies are symmetric with respect to E = 0, which is not the case in general if the particle-hole
asymmetry of the normal state energy dispersion is introduced; also, the expression of E0 is independent of the sign of U , which
needs to be modified if the k-dependence of the gap function is included. However, considering more general cases does not alter
the conclusions obtained in the main text. We denote the two eigenvectors corresponding to E = ±E0 as ψ+ (r) and ψ− (r),
respectively, and consider the U > 0 (repulsive)and U < 0 (attractive) cases separately in the following.
(1) For U > 0 the two eigenvectors at r = 0 are ψ+(0) = (1, 0)ᵀ (particle-like) and ψ−(0) = (0, 1)
ᵀ (hole-like). At r 6= 0
ψ+ (r) =
1
N UG (+E0, r) τ3ψ+ (0)
=
1√
[X0 (E0, r) +X1 (E0, r)]
2
+ |X+2 (E0, r) |2
(
X0 (E0, r) +X1 (E0, r)
iX−2 (E0, r)
)
≡
(
u (r)
υ (r)
)
, (S12)
where N is a normalization coefficient and, similarly,
ψ− (r) =
1√
[−X0 (−E0, r) +X1 (−E0, r)]2 + |X+2 (−E0, r) |2
( −iX+2 (−E0, r)
−X0 (−E0, r) +X1 (−E0, r)
)
=
( −υ∗ (r)
u∗ (r)
)
.
(S13)
Note that X0 (E, r) is odd in E, while X1 (E, r) and X±2 (E, r) are both even in E. From Eqns S7-S9 we see that u (r) is
real for the given ψ+(0) and ψ−(0), and we can write ψ+ (r) = (u (r) , υ (r))
ᵀ
=
(
ur, e
−ilθr+αυr
)ᵀ
, where ur and υr are
two real functions of r only, and α is an r-independent phase. For notational simplicity, we will set α = 0, which will not
qualitatively affect our conclusions.
(2) The eigenvectors for U < 0 can be obtained similarly. At r = 0, ψ+(0) = (0, 1)ᵀ (hole-like) and ψ−(0) = (1, 0)
ᵀ (particle-
like). At r 6= 0,
ψ+ (r) =
1√
[−X0 (E0, r) +X1 (E0, r)]2 + |X+2 (E0, r) |2
( −iX+2 (E0, r)
−X0 (E0, r) +X1 (E0, r)
)
≡
( −υ′∗ (r)
u′∗ (r)
)
, (S14)
ψ− (r) =
1√
[X0 (−E0, r) +X1 (−E0, r)]2 + |X+2 (−E0, r) |2
(
X0 (−E0, r) +X1 (−E0, r)
iX−2 (−E0, r)
)
=
(
u′ (r)
υ′ (r)
)
. (S15)
Again, u′(r) is real, and we can write ψ− (r) = (u′ (r) , υ′ (r))
ᵀ
=
(
u′r, e
−ilθr+iαυ′r
)ᵀ
, where u′r and υ
′
r are real functions
of r, and α is again a constant phase we will set to be zero without altering our conclusions.
In the main text and in the following discussions, we only consider the case with repulsive U . The attractive-U scenario produces
similar physics.
II. LOW-ENERGY EFFECTIVE MODEL OF THE IMPURITY SUPERLATTICE
In an impurity lattice, the bound states from different impurity sites hybridize through the kinetic hopping and Cooper pairing
in the original microscopic BdG Hamiltonian, forming subgap bands. Treating the ‘+’ and ‘−’ bound states on each impurity
8site as two independent orbitals, we now construct an effective tight-binding Hamiltonian for the subgap states on an impurity
lattice. In the second-quantization formulation, the creation (annihilation) of the orbitals are denoted by the operators c†± (c±).
We first consider a two-impurity system with impurities located at Ri and Rj . In the basis Ψˆi = (ci,+, ci,−)
ᵀ where i is the site
index, the emergent effective Hamiltonian reads H =
∑
i,j Ψˆ
†
i
[
E0δijσ3 + hˆij (1− δij)
]
Ψˆj+H.c., in which
hij =
(
t++ij t
+−
ij
t−+ij t
−−
ij
)
, (S16)
where
tµνij =
∫
drdr′ψ†µ (r−Ri)H(bulk)BdG (r, r′)ψν (r′−Rj) , (S17)
and µ, ν = +,−. Explicitly,
t++ij =
∫
drdr′
{
u|r−Ri|
[
δr,r′
(
− ∇
2
r′
2me
− µ
)]
u|r′−Rj| + u|r−Ri|∆ (r− r
′) e−ilθr′−Rj υ|r′−Rj|
+eilθr−Riυ|r−Ri|∆
∗ (r− r′)u|r′−Rj| + e
ilθr−Riυ|r−Ri|
[
δr′,r
( ∇2r′
2me
+ µ
)]
e
−ilθr′−Rj υ|r′−Rj|
}
, (S18)
t+−ij =
∫
drdr′
{
−u|r−Ri|
[
δr,r′
(
− ∇
2
r′
2me
− µ
)]
e
ilθr′−Rj υ|r′−Rj| + u|r−Ri|∆ (r− r
′)u|r′−Rj|
−eilθr−Riυ|r−Ri|∆∗ (r− r′) eilθr′−Rj υ|r′−Rj| + e
ilθr−Riυ|r−Ri|
[
δr′,r
( ∇2r′
2me
+ µ
)]
u|r′−Rj|
}
, (S19)
t−+ij =
∫
drdr′
{
−e−ilθr−Riυ|r−Ri|
[
δr,r′
(
− ∇
2
r′
2me
− µ
)]
u|r′−Rj| − e
−ilθr−Riυ|r−Ri|∆ (r− r′) e−ilθr′−Rj υ|r′−Rj|
+u|r−Ri|∆
∗ (r− r′)u|r′−Rj| + u|r−Ri|
[
δr′,r
( ∇2r′
2me
+ µ
)]
e
−ilθr′−Rj υ|r′−Rj|
}
, (S20)
t−−ij =
∫
drdr′
{
e−ilθr−Riυ|r−Ri|
[
δr,r′
(
− ∇
2
r′
2me
− µ
)]
e
ilθr′−Rj υ|r′−Rj| − e
−ilθr−Riυ|r−Ri|∆ (r− r′)u|r′−Rj|
−u|r−Ri|∆∗ (r− r′) eilθr′−Rj υ|r′−Rj| + u|r−Ri|
[
δr′,r
( ∇2r′
2me
+ µ
)]
u|r′−Rj|
}
. (S21)
From these expressions, one can easily obtain the relations, t++ij = −
(
t−−ij
)∗ ≡ λij , t+−ij = (t−+ij )† ≡ ηij . The hybridization
has three distinct origins: electron-electron hopping, hole-hole hopping and Cooper pairing. Hence we decompose the hopping
terms as λij = λeij + λ
h
ij + λ
∆
ij , and ηij = η
e
ij + η
h
ij + η
∆
ij , the details of which we provide below.
Symmetry aspects of the hybridization matrix elements
By changing the variables, one can easily find that λij and ηij depend on the relative position of Ri and Rj , i.e., λij ≡
λ (Rj −Ri), ηij ≡ η (Rj −Ri). Define Rδ = Rj −Ri, the expressions for λ (Rδ) and η (Rδ) can be reduced as
λ (Rδ) =λ
e (Rδ) + λ
h (Rδ) + λ
∆ (Rδ)
=
∫
drdr′
{
ur
[
δr,r′−Rδ
(
− ∇
2
r′
2me
− µ
)]
ur′ + e
ilθrυr
[
δr′−Rδ,r
( ∇2r′
2me
+ µ
)]
e−ilθr′υr′
+2 Re
[
∆ (r− r′ −Rδ) e−ilθr′
]
urυr′
}
, (S22)
η (Rδ) =η
e (Rδ) + η
h (Rδ) + η
∆ (Rδ)
=
∫
drdr′
{(
1 + eilpi
) ∫
drdr′urδr,r′−Rδ
( ∇2r′
2me
+ µ
)
eilθr′υr′ + ∆ (r− r′ −Rδ)urur′
−eil(θr+θr′ )∆∗ (r− r′ −Rδ) υrυr′
}
. (S23)
9To inspect the dependence of λ (Rδ) and η (Rδ) on the orientation of Rδ , let us perform a rotation (Rˆ) of arbitrary angle φ.
Then,
λ
(
RˆφRδ
)
=
∫
drdr′
{
ur
[
δr,r′−RˆφRδ
(
− ∇
2
r′
2me
− µ
)]
ur′ + e
ilθrυr
[
δr′−RˆφRδ,r
( ∇2r′
2me
+ µ
)]
e−ilθr′υr′
+2 Re
[
∆
(
r− r′ − RˆφRδ
)
e−ilθr′
]
urυr′
}
=
∫
drdr′
{
ur
[
δRˆφr,Rˆφ(r′−Rδ)
(
−
∇2
Rˆφr′
2me
− µ
)]
ur′ + e
ilθRˆφrυr
[
δRˆφ(r′−Rδ),Rˆφr
(∇2
Rˆφr′
2me
+ µ
)]
×e−ilθRˆφr′υr′ + 2 Re
[
∆
(
Rˆφ (r− r′ −Rδ)
)
e
−ilθRˆφr′
]
urυr′
}
=
∫
drdr′
{
ur
[
δr,(r′−Rδ)
(
−
∇2
Rˆφr′
2me
− µ
)]
ur′ + e
ilφeilθrυr
[
δRˆφ(r′−Rδ),Rˆφr
(∇2
Rˆφr′
2me
+ µ
)]
×e−ilφe−ilθr′υr′ + 2 Re
[
eilφ∆ (r− r′ −Rδ) e−ilφe−ilθr′
]
urυr′
}
=λ (Rδ) , (S24)
which is independent of the orientation of Rδ , i.e., λ (Rδ) = λ (|Rδ|). And
η
(
RˆφRδ
)
=
∫
drdr′
{
∆
(
r− r′ + RˆφRδ
)
urur′ − eil(θr+θr′ )∆∗
(
r− r′ + RˆφRδ
)
υrυr′
+
(
1 + eilpi
) ∫
drdr′ur
[
δr,r′+RˆφRδ
( ∇2r′
2me
+ µ
)]
eilθr′υr′
}
=
∫
drdr′
{
∆
(
Rˆφ (r− r′ +Rδ)
)
urur′ − eil
(
θRˆφr
+θRˆφr′
)
∆∗
(
Rˆφ (r− r′ +Rδ)
)
υrυr′
+
(
1 + eilpi
) ∫
drdr′ur
[
δRˆφr,Rˆφ(r′−Rδ)
(∇2
Rˆφr′
2me
+ µ
)]
eilθr′υr′
}
=
∫
drdr′
{
eilφ∆ (r− r′ +Rδ)urur′ − ei2lφeil(θr+θr′ )e−ilφ∆∗ (r− r′ +Rδ) υrυr′
+
(
1 + eilpi
) ∫
drdr′ur
[
δr,r′+Rδ
( ∇2r′
2me
+ µ
)]
eilφeilθr′υr′
}
=eilφη (Rδ) . (S25)
Thus the off-diagonal matrix element t+− inherits the rotaional symmetry property of the chiral pairing in the original bulk BdG
Hamiltonian.
Furthermore, in the hybridization between the ‘+’ and ‘−’ states, the contribution from the electron and hole kinetic processes,
ηeij + η
h
ij , are sensitive to the parity of the Cooper pairing: η
e
ij + η
h
ij vanishes in odd-parity pairing and is finite in even-parity
pairing. This is more obvious in the following expression,
ηeij + η
h
ij =
∫
drdr′
{
−u|r−Ri|
[
δr,r′
(
− ∇
2
r′
2me
− µ
)]
e
ilθr′−Rj υ|r′−Rj| + e
ilθr−Riυ|r−Ri|
[
δr′,r
( ∇2r′
2me
+ µ
)]
u|r′−Rj|
}
=
∫
drdr′
{
u|r−Ri|
[
δr,r′
( ∇2r′
2me
+ µ
)]
e
ilθr′−Rj υ|r′−Rj| + e
ilθ−r′+Rj υ|−r′+Rj |
[
δr,r′
( ∇2r
2me
+ µ
)]
u|−r+Ri|
}
=
(
1 + eilpi
) ∫
drdr′ur
[
δr,r′+Rj−Ri
( ∇2r′
2me
+ µ
)]
eilθr′υr′ , (S26)
which vanishes for odd l’s. To obtain the second equation, we made a substitution of variables, r → Ri − (r′ − Rj) and
r′ → Rj − (r−Ri). Pictorially, the two terms in the integrand of the second line are depicted in Fig. S1. The final expression
was obtained after a partial integration and a substitution of variable.
III. EFFECTIVE TIGHT-BINDING HAMILTONIAN & ANOMALOUS HALL CONDUCTIVITY
We are now in position to formally construct the effective tight-binding Hamiltonian for square, triangular and honeycomb
superlattices, and study their anomalous Hall effects.
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Figure S1. Schematic diagram showing the relation between the integrand of Eq. (4) at two sets of variables: (r, r′) indicated by solid arrows
and [Ri − (r′ −Rj),Rj − (r−Ri)] in dashed arrows. These two sets are related by a 180◦ rotation about (R1 + R2)/2.
A). Square impurity superlattice
Let us first consider the case with underlying chiral p-wave pairing. Following Fig. 2 (a) and (b) and by Fourier transformation,
in square superlattice, the hybridization matrix in the momentum space can be expressed as hˆk =
∑
δ e
ik·Rδ hˆ (Rδ), in which
the matrix elements with only considering the nearest-neighbor terms are expressed as
λk = 2λ (cos kx + cos ky) , ηk = 2η (sin kx + i sin ky) , (S27)
where λ ≡ λ(R0), η ≡ η(R0yˆ) are real constants. The decomposition λ = λ∆ + λe + λh and η = η∆ + ηe + ηh are
implicit. Note that, for brevity, we have suppressed R0 in λk, ηk and hereafter. Then, the effective Hamiltonian for the impurity
superlattice follows as,
Heffk = E3kσ3 + E1kσ1 − E2kσ2, (S28)
in which
E3k = E0 + 2λ (cos kx + cos ky) , E1k = 2η sin kx, E2k = 2η sin ky. (S29)
This effective Hamiltonian resembles the original chiral p-wave model. As a side remark, the idea to design topological band
structure through super-modulations of the order parameter is not new. Besides the present model which also appeared in
Ref. [4], a superlattice of magnetic impurities in a conventional superconductor with Rashiba spin-orbit coupling has also been
shown to support subgap bands with high Chern numbers [5]. In another context, a pair-density-wave of a chiral p-wave order
parameter was shown to generate topologically protected low-energy excitations [6].
Similarly, following the argument given in the main text as well as Fig. 2 (c) and (d), the matrix elements for effective current
operators along the x- and y-directions take the following forms:
J++xk =− 2
(
λe − λh) sin kx, J+−xk = 2(ηe − ηh) cos kx = 4ηe cos kx, (S30)
J++yk =− 2
(
λe − λh) sin ky, J+−yk = 2(ηe − ηh) cos ky = 4ηe cos ky, (S31)
Hence the i-th component of the current operators in terms of the Pauli matrices can be written as:
Jˆ effik = J3ikσ3 + J1ikσ1 + J2ikσ2, (S32)
in which
J3xk = −2
(
λe − λh) sin kx, J1xk = 4ηe cos kx, J2xk = 0, (S33)
for x-direction, and
J3yk = −2
(
λe − λh) sin ky, J1yk = 0, J2yk = −4ηe cos ky, (S34)
for y-direction. Within linear-response theory, the transverse current-current correlation function at one-loop level is given by
[32]
pixy (q, iνm) = T
∑
k,iωn
Tr
[
Jˆ effxkGˆ (k+ q, iωn + iνm) Jˆ
eff
ykGˆ (k, iωn)
]
, (S35)
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Figure S2. (a) (b) Tight-binding construction of a square impurity superlattice embedded in a chiral d-wave superconductor. Note the relation
λ = λe + λh + λ∆ and the same for λ˜, η and η˜. (c) (d) The current operator on the superlattice. The symbols ‘+’ and ‘−’ symbols designate
the impurity bound states, and arrows indicate the reference direction of hopping or current flow.
where T is the temperature, ωn = (2n+ 1)piT and νm = 2mpiT are the fermionic and bosonic Matsubara frequencies,
respectively. Gˆ (k, iωn) is the single-particle Green’s function which can be written as
Gˆ (k, iωn) =
(
iωnσ0 −Heffk
)−1
=
iωnσ0 + E3kσ3 + E1kσ1 + E2kσ2
(iωn)
2 − E2k
, (S36)
where Ek =
√E23k + E21k + E22k is the quasiparticle dispersion.
The Hall conductivity is given by the antisymmetric part of the transverse current correlator. After some algebra and an
analytical continuation iνm → ω + iδ, we arrive at the following,
σH (ω + iδ) =
i
2ω
lim
q→0
[pixy (q, ω + iδ)− piyx (q, ω + iδ)] =
∑
k
f (k)
Ek
[
(ω + iδ)
2 − 4E2k
] , (S37)
in which
f (k) =
∑
s,m,n
smn
2
[JsxkJmyk − JsykJmyk] Enk. (S38)
Substituting the expressions, we see that a non-zero anomalous Hall conductivity emerges in the impurity superlattice embedded
in a chiral p-wave superconductor.
We now turn to the case of underlying chiral d-wave pairing. We find that, a full description of low-energy model requires a
consideration of up to the next-nearest neighboring terms shown in Fig. S2, after which we obtain,
λk = 2λ (cos kx + cos ky) + 4λ˜ cos kx cos ky, ηk = −2η (cos kx − cos ky)− i4η˜ sin kx sin ky, (S39)
in which λ˜ ≡ λ(√2R0) and η˜ ≡ η(
√
2R0yˆ) are hopping integrals associated with the next-nearest neighboring contributions.
Written in the form of Eq. (S28), the corresponding Eik are given by
E3k = E0 + 2λ (cos kx + cos ky) + 4λ˜ cos kx cos ky, E1k = −2η(cos kx − cos ky), E2k = 4η˜ sin kx sin ky. (S40)
Turning to the current operators, we have Jˆ+−xk = Jˆ
+−
yk = 0 on account of the parity constraints (η
e − ηh = 0 for underlying
even-parity pairing) discussed in the previous section. Thus Jˆ effik = J3ikσ3 = −2λe cos kiσ3 with i = x, y. A straightforward
calculation shows that the resultant model generate no anomalous Hall conductivity at the one-loop calculation.
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B). Triangular impurity superlattice
In the case of triangular impurity superlattices, the anomalous Hall conductivity has the same form as in the case of a square
superlattice, but with slight modifications. Consider only the nearest-neighbor hoppings, one obtains,
E3k = E0 + 2λ
(
cos kx + 2 cos
kx
2
cos
√
3ky
2
)
, (S41a)
E1k =
 2η
(
sin kx + sin
kx
2 cos
√
3ky
2
)
, (l = 1)
2η
(
sin kx − cos kx2 cos
√
3ky
2
)
, (l = 2)
(S41b)
E2k =
{
2
√
3η cos kx2 sin
√
3ky
2 , (l = 1)
2
√
3η sin kx2 sin
√
3ky
2 , (l = 2)
, (S41c)
and the associated components of the current operators are,
J3xk = −2
(
λe − λh)(sin kx + sin kx
2
cos
√
3ky
2
)
, (S42a)
J1xk =
{
4ηe
(
cos kx +
1
2 cos
kx
2 cos
√
3ky
2
)
, (l = 1)
0, (l = 2)
(S42b)
J2xk =
{
−6ηe sin kx2 cos
√
3ky
2 , (l = 1)
0, (l = 2)
(S42c)
and
J3yk = −2
√
3
(
λe − λh) cos kx
2
sin
√
3ky
2
, (S43a)
J1yk =
{
−6ηe sin kx2 sin
√
3ky
2 , (l = 1)
0, (l = 2)
(S43b)
J2yk =
{
6ηe cos kx2 cos
√
3ky
2 , (l = 1)
0, (l = 2)
(S43c)
It can thus be seen that the both the effective tight-binding Hamiltonian and the effective current operators follows the same
overall structure as those in the square superlattice models. One thus expects the same outcome as far as the anomalous Hall
effect is concerned.
C). Honeycomb impurity superlattice
The honeycomb impurity superlattice is very different from the previous two cases, since the enlargement of the Hilbert space
due to an added sublattice degree of freedom. Consider a basis Ψi =
(
ci,+, c
′
i,+, ci,−, c
′
i,−
)ᵀ
, with c and c′ representing the two
sublattices, a general effective Hamiltonian for impurity superlattice with nearest-neighbor hoppings has the following form
Hˆeffk =

E0 λk 0 ηk
λ∗k E0 (−1)lη−k 0
0 (−1)lη∗−k −E0 −λk
η∗k 0 −λ∗k −E0
 (S44)
where the matrix elements are given by,
λk =
∑
δ
eik·Rδλ = λ
(
1 + 2e−i
3kx
2 cos
√
3ky
2
)
, (S45)
ηk =
∑
δ
eik·RδeilθRδ η l=2−−→ η
[
1 + 2e−i
3kx
2 cos
(√
3ky
2
− 2pi
3
)]
. (S46)
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in which we have eliminated a prefactor eikx by a standard gauge transformation similar to the treatment for monolayer graphene.
Note also that in the last expression, we have explicitly taken the example of l = 2 for underlying chiral d-wave, and the same
below. The current operator follows as,
Jˆ effxk =

0 J++xk 0 J
+−
xk(
J++xk
)∗
0 −J+−x,−k 0
0 −
(
J+−x,−k
)∗
0 −J++xk(
J+−xk
)∗
0 − (J++xk )∗ 0

= J1xk%1 ⊗ σ3 + J2xk%2 ⊗ σ3 + J3xk%1 ⊗ σ1 + J4xk%1 ⊗ σ2 + J5xk%2 ⊗ σ1 + J6xk%2 ⊗ σ2, (S47)
or, equivalently,
Jˆ effyk = J1yk%1 ⊗ σ3 + J2yk%2 ⊗ σ3 + J3yk%1 ⊗ σ1 + J4yk%1 ⊗ σ2 + J5yk%2 ⊗ σ1 + J6yk%2 ⊗ σ2, (S48)
where
J++xk =
∑
δ
eik·RδJ++x (Rδ) = −3
(
λe − λh)(sin 3kx
2
cos
√
3ky
2
+ i cos
3kx
2
cos
√
3ky
2
)
, (S49)
J++yk =
∑
δ
eik·RδJ++y (Rδ) = −
√
3
(
λe − λh)(cos 3kx
2
sin
√
3ky
2
− i sin 3kx
2
sin
√
3ky
2
)
, (S50)
J+−xk =
∑
δ
eik·RδJ+−x (Rδ) =
{
−3 (ηe − ηh) (sin 3kx2 + i cos 3kx2 ) cos(√3ky2 − 2pi3 ) , (l = 1)
0, (l = 2)
(S51)
J+−yk =
∑
δ
eik·RδJ++y (Rδ) =
{
−√3 (ηe − ηh) (cos 3kx2 − i sin 3kx2 ) sin(√3ky2 − 2pi3 ) , (l = 1)
0, (l = 2)
(S52)
and J1ik = Re(J++ik ), J2ik = − Im(J++ik ), J3ik = Re(J+−ik − J+−i,−k)/2, J4ik = − Im(J+−ik − J+−i,−k)/2, and J5ik =
− Im(J+−ik + J+−ik )/2, J6ik = −Re(J+−ik + J+−i,−k)/2, with i = x, y.
The Green’s function Gˆ (k, iωn) =
(
iωnσ0 −Heffk
)−1
acquires the following form,
Gˆ (k, iωn) =
∑
i,j=0,1,2,3
gij%i ⊗ σj[
(iωn)
2 − E2+,k
] [
(iωn)
2 − E2−,k
] , (S53)
where g00 = −iωn(ω2n +E20 + |λk|2 + |ηk|
2+|η−k|2
2 ), g03 = −E0(ω2n +E20 − |λk|2 + |ηk|
2+|η−k|2
2 ), g33 = −iωn( |ηk|
2−|η−k|2
2 ),
g30 = −E0( |ηk|
2−|η−k|2
2 ), g11 = − 12 Re[η−k(ω2n +E20 + |ηk|2 +λ2k) + ηk(ω2n +E20 + |η−k|2 +λ∗2k )], g12 = − 12 Im[η−k(ω2n +
E20 + |ηk|2 + λ2k) + ηk(ω2n +E20 + |η−k|2 + λ∗2k )], g21 = 12 Im[η−k(ω2n +E20 − |ηk|2 − λ2k) + ηk(ω2n +E20 + |η−k|2 − λ∗2k )],
g22 = − 12 Re[η−k(ω2n + E20 + |ηk|2 − λ2k) − ηk(ω2n + E20 + |η−k|2 − λ∗2k )], g13 = −Re[λk(ω2n − E20 + |λk|2 −
η∗kη−k)], g23 = − Im[λk(ω2n − E20 + |λk|2 − η∗kη−k)], g10 = 2iωnE0 Re (λk), g20 = 2iωnE0 Im (λk), g31 =
−iωn Re
(
λkη
∗
k − λ∗kη∗−k
)
, g32 = iωn Im
(
λkη
∗
k − λ∗kη∗−k
)
, g01 = E0 Re
(
λkη
∗
k + λ
∗
kη
∗
−k
)
, g32 = −E0 Im
(
λkη
∗
k + λ
∗
kη
∗
−k
)
,
and E±,k =
√
E20 + |λk|2 + 12
(
|ηk|2 + |η−k|2
)
±
√
4 |λk|2E20 + |λ∗kηk − λkη−k|2 + 14
(
|ηk|2 − |η−k|2
)2
.
We mainly focus on the case with chiral d-wave (even-parity) pairing in which J3i = J4i = J5i = J6i = 0 (i = x, y), and
study its anomalous Hall conductivity. A lengthy calculation leads to,
pixy (q = 0, iνm)− piyx (q = 0, iνm)
=
∑
k
νm
E+E−
 f (E+)− f (E−)(E+,k − E−,k) [(E+,k − E−,k)2 + ν2m] +
1− f (E+)− f (E−)
(E+,k + E−,k)
[
(E+,k + E−,k)
2
+ ν2m
]

× E0
(
|ηk|2 − |η−k|2
)
[J1x (k)J2y (k)− J2x (k)J1y (k)] . (S54)
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It returns the following zero-temperature anomalous Hall conductivity at real frequency:
σH (ω + iδ) =
∑
k
E0
(
|ηk|2 − |η−k|2
)
[J1x (k)J2y (k)− J2x (k)J1y (k)]
2E+,kE−,k (E+,k + E−,k)
[
(E+,k + E−,k)
2 − (ω + iδ)2
] . (S55)
This quantity is generically finite. Hence, distinct from cases of square and triangular superlattices, the anomalous Hall con-
ductivity for chiral d-wave and other even-parity chiral states is finite. One can further check that the honeycomb superlattice
models with underlying odd-parity chiral pairings also support finite Hall conductance.
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